Evaluating Midwifery Units (EMU): A prospective cohortstudy of freestanding midwifery units in New South Wales, Australia.
Thank you for giving me the opportunity to review this article on outcome of intended birth in freestanding midwifery units (FMU) versus tertiary level maternity units (TMU) in Australia.
Freestanding midwifery units are introduced in more and more countries worldwide and although the number of women intending birth in an FMU is small in this study, it is a carefully and wellconducted study that adds to the limited evidence on safety and quality care in different settings. It is also of interest that the study presents evidence from a continent where studies in the field has not earlier been conducted and where the women participating in the study is of highly mixed ethnicity. Furthermore the reporting is careful and detailed and the manuscript generally well written.
Although I recommend the manuscript for publication, I have some points for consideration before that -some compulsory.
Compulsory points: I find the description of the number of participants in abstract and manuscript misguiding. Please revise both and give the number of women included in the FMU and TMU groups and not the total number of participants.
In the manuscript, please include a separate section describing the two groups of participants and remove this information from the results section. Furthermore, please perform a minor revision of Figure 1 , flow chart, according to STROBE recommendations to allow the reader a clearer overview of the included participants. Currently it is difficult to see if data were missing on some participants. Adding of percentages (by group) is also recommendable.
Socio-economic status is a key determinant of health and play an important role in outcomes of maternity care. If possible, data on socio-economic status should be included -or if not possible, the lack of such data should be discussed as a limitation of the study. This is especially important because several studies in other countries have shown that women with advantageous social background favor FMU care. Although it may not be the case, for instance, the large differences in perinatal outcome and adverse perinatal events during pregnancy could potentially be related to socio-economic differences between groups. More attention to this issue is therefore relevant.
Background information on BMI should also be added, if possible, -and the lack of data discussed if not available. Furthermore, it seems that women with a previous cesarean section was included in the study? If women with previous cesarean section were considered low risk and appropriate for inclusion in the TMU groups, this characteristic should be reported in table 3 and discussed.
Including women in the FMU group that were not low risk but had made an informed choice of FMU care is a methodological decision that is discussed in the manuscript and acceptable -and the authors' reporting of the numbers in table 3 is very relevant.
The inclusion of participants at the time of booking and not at the time of start of care in labor is however more debatable. Some of the key issues are that inclusion during pregnancy and as early as week 28 leads (as is evident in e.g. Hodnett et al.'s Cochrane review on "Alternative versus conventional institutional settings for birth") to a high number of crossovers between groups and subsequent difficulties in interpretation of study results.
Furthermore, inclusion at booking leads to inclusion of women with late pregnancy complications and controlling for this is not straightforward. In the end it may be difficult to distinguish between the impact of antenatal and intrapartum care. Recent studies including the landmark Birthplace of England study have used inclusion at start of care in labor.
Inclusion at booking have however been used in several other studies and may be justified in the study, but a discussion of this issues is needed and I do not find it acceptable that inclusion at time of booking is highlighted as a particular strength of the study in the "Article summary" section and the discussion section of the manuscript. Overall, I recommend that paragraphs about study strengths are carefully revised as I am not convinced that inclusion of participants by use of a population database has "eliminated" self-selection bias in the study as women still made their own choice regarding booking at the FMU or TMUs.
Regarding outcomes, the time for admission to NICU/SCN should be given (was admissions to NICU after e.g. 24 hours included in the measure?) Tabel 4, Maternal outcomes. Please report the reduction in cesarean section for acute/intrapartum cesarean sections as well Please discuss more thoroughly the implications of the fact that less half of the women in the FMU group gave birth in the FMU as intended -as well as the crossover from the TMU group.
For the ease of generalization, please disuss the perinatal mortality rate found in the study, from a Scandinavian perspective it seems high in a low risk population.
Other points: I find the abbreviation EMU confusing as it is very close to the used abbreviation for the two births settings, FMU and TMU. As it is only used a few times, the authors may consider not to abbreviate.
The first page of the introduction: It may be relevant to provide a bit more information about why FMUS are presented as "a unique system of care", not all readers may be familiar with this birth setting and its care concept.
The discussion: the authors may want to consider literature focusing on the impact of the increased use of cesarean section and repeat cesarean section on severe maternal morbidity such as placenta accrete and severe postpartum hemorrhage.
The use of all eligble, low risk women booking for TMU care as controls may be discussed as a strength of the study. The careful reporting of adverse cases and rare events is another yet unmentioned strength.
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GENERAL COMMENTS
General Comments This paper addresses a question of considerable interest in the maternal and child health community -the safety of freestanding birth centers in general and within Australia in particular. As described, the data on which it is based is appropriate and the analysis is straightforward and appropriate for the questions posed. I would recommend publication, but had some specific concerns and questions I would suggest the authors consider.
Specific Comments • P. 4 lines 49-55 I originally wondered if there were uniform transfer guidelines. The authors indicate later there are not. The authors should consider in the Discussion the implications of having a system in which there are not agreed upon guidelines concerning transfer, beyond those developed by the midwifery organization. Protocols developed jointly by birth centers and community and tertiary hospitals governing transfer would seem a reasonable step though development of these are too often subject of considerable inter-professional difficulties.
• P. 5 line 51 -I'd suggest using a less judgmental term than "underutilized" to describe the model. That presumes findings they haven't presented yet and suggests their own potential bias in interpreting results.
• P. 6 line 51 -were the same two birth centers operating in 2005/6 when the last population data was available? Authors might note that. The totals seem to generally correspond.
• P. 7 line 31 -is there anything to be learned from subdividing the results from the tertiary care centers by the subgroups (i.e. midwifery care antenatal clinics) described here? Do they have enough power to do that?
• P. 10 line 49 -just a matter of language -the authors are talking about a 6 percentage point difference. 29% to 23% is a 21% difference.
• P. 11 line 18 -did the authors leave out the type of test used?
• P. 11 lines 20-22. Given the considerable difference in the ethnicity across the two groups, much of which comes from the Asian population utilizing freestanding birth centers (FBCs), did the authors ever use ethnicity as a covariate? It doesn't appear so from Tables 4  & 5 . If they did and found it didn't add anything they can note that.
• P. 11 lines 33 -there is a reference to a variable "risk at the onset of labor" Could the operationalization of that variable be explained further? Were the variables in the ACM guidelines used create the measure of maternal health that was used in the multivariate models?
• P. 12 line 5 -seems like a high number of "accidental home births." Just curious -do these represent planned home births in a setting where that's frowned upon?
• P. 13 line 25 -there was a striking difference in the population in smoking behavior. It was a covariate in the model, but of course we can't tell from the way the table is structured if it was a strong independent predictor of outcome. Not exactly the authors' central question but interested in its possible contribution to the differences they identified.
• P. 17 line 29 The figure for low birthweight in BC of 1.8% is extraordinary on its face. Is there any sense as to how typical that is of the low risk population in the populations served?
• Tables 4 & 5 As noted above, I wonder if adjusting for ethnicity would make any difference in these findings.
• Tables 6-8 could be online appendices given the very small number of cases they include
• P. 22 lines 31-35 -It's very likely that attitudinal differences exist and are manifested in the less risky prenatal behaviors (e.g. lower smoking rates) and postpartum experiences (higher breastfeeding rates) among the mothers giving birth at the FBCs. Just curious as to whether attitudinal data were collected as part of the larger study.
Reference 33 involves many of the same authors in an attitudinal study, though it was based in NZ. Was attitudinal data collected here for use in a separate study? It would ultimately be valuable to have an integrated study that examines the role of attitudinal and behavioral factors in the differences, or lack of differences, the authors discovered.
• P. 23 lines 40-42 It would perhaps be helpful in the introduction to explain further the distribution of FBCs in Australia and how unique the study sites were.
VERSION 1 -AUTHOR RESPONSE
Reviewer 1, comment #1
I find the description of the number of participants in abstract and manuscript misguiding. Please revise both and give the number of women included in the FMU and TMU groups and not the total number of participants.
Author response
The abstract now reads:
"Participants: 494 women who intended to give birth at freestanding midwifery units and 3157 women who intended to give birth at tertiary level maternity units. Participants had low risk, singleton pregnancies and were less than 28+0 weeks gestation at the time of booking." (p.1)
The former section "Participants and data collection" in the Methods section has been split into two sections: "Participants" and "Data collection". We hope that separating this information, along with some minor changes in the text makes the description of the freestanding and tertiary groups clearer (pp.7-9).
The number of participants recruited into the study has been left in the results section (p.11), which is line with other cohort studies. This allows the number of participants to be described in the same paragraph as describing their actual place of birth and transfer information. We have made a minor change to the first sentence of the results to make it clear that we obtained data on all eligible women:
"Data were obtained for all 3,651 eligible women identified." (p.11)
The numbers of participants potentially eligible and examined for eligibility cannot be provided. The data custodians of the ObstetriX database undertook this process and we were unable to obtain this information. To make it clear in the flowchart, the top box of Figure 1 has been relabeled to read "total eligible women".
Overall we had a very complete dataset, and were able to report on all outcomes for all eligible women, except for data already outlined in Table 3 .
Percentages (by group) have been added to Figure 1 .
Reviewer 1, comment #3
Author response
Unfortunately we did not have any data on socioeconomic status or BMI. This has been added to the "Strengths and limitations of the study section" (p.2):
"Also, socioeconomic status and body mass index could not be controlled and may have had a confounding effect on the outcomes."
the "statistical analysis" section (p.10):
"Socioeconomic status and body mass index (BMI) were unable to be controlled using the available data sources."
and the "Discussion" (p.19):
"These factors, along with not controlling for BMI and socioeconomic status, may have a bearing on some of the outcome measures."
Women with previous caesarean sections were included in both cohorts, as the Australian College of Midwives Guidelines for Consultation and Referral do not categorise previous caesarean section as an ACM B/C or C condition. This variable has been added to Table 3 . The following text has been added to the manuscript:
"Previous caesarean sections are not classed as an ACM category B/C or C risk factor. Therefore women who had experienced a previous caesarean section were included in the study and 'previous caesarean section' was controlled in the analysis." (p.7)
Due to the highly significant difference in the rates of previous caesarean section between the two groups, this variable has been controlled for in all analysis (see description of statistical analysis on page 10, Table 4 and Table 5 ). This affected the odds ratios of elective caesarean section and birthweight. The reduced odds of the freestanding group having an elective caesarean section lost significance, and the adjusted higher odds of birthweight being between 2500 to 4500g reached borderline significance.
Reviewer 1, comment #4
Author response
The inclusion of participants at the time of booking was done for two main reasons. Firstly, over the years there has been a body of criticism leveled at the safety of freestanding midwifery units in Australia on the grounds that those women who intend to give birth there will not readily transfer when the need arises-with particular concern over potentially high rates of intrapartum transfer. This study was designed in part to address these concerns, and we were able to clearly demonstrate that the majority of transfers occur during the antenatal period.
Secondly, including women from booking is the closest to that described as "intention to treat", as the scope of midwifery care for antenatal, intrapartum and postpartum care is determined at booking.
Reviewer 1, comment #5
Author response
Although inclusion at booking led to inclusion of women with late pregnancy complications, we employed an extremely rigorous process of identifying women with a large range of complications developed during pregnancy (giving them a "risk at the onset of labour"). We were then able to control for risk at the onset of labour. This is described in detail on pages 7 and 8.
There are a number of factors that may have contributed to the favorable outcomes associated with freestanding midwifery units. The impact of antenatal care and intrapartum care on birth outcomes remains unknown. However the aim of this study was to investigate the impact of planning to give birth in different settings. A separate study exploring the impact of various factors, including impact of antenatal versus intrapartum care in freestanding midwifery units, could explore these issues further.
Reviewer 1, comment #6
Inclusion at booking have however been used in several other studies and may be justified in the study, but a discussion of this issues is needed and I do not find it acceptable that inclusion at time of booking is highlighted as a particular strength of the study in the "Article summary" section and the discussion section of the manuscript.
Overall, I recommend that paragraphs about study strengths are carefully revised as I am not convinced that inclusion of participants by use of a population database has "eliminated" selfselection bias in the study as women still made their own choice regarding booking at the FMU or TMUs.
Author response
The following sentences:
"Selection bias was minimised by prospectively identifying women's planned place of birth at booking rather than at the onset of labour and analysing the data according to the place where women intended to give birth. Self-selection bias was eliminated through the use of a population database of all pregnant women who met the inclusion criteria during the study period" (p. 2 and 19) Now read:
"Selection bias was minimised by prospectively identifying women's planned place of birth at booking and analysing the outcomes according to the place where women intended to give birth. The population database ensured that there was a minimal loss to follow-up and minimal bias introduced due to a non-response rate" (p. 2 and 19)
Reviewer 1, comment #7
Regarding outcomes, the time for admission to NICU/SCN should be given (was admissions to NICU after e.g. 24 hours included in the measure?)
Time for admission to NICU/SCN was from the time of birth to discharge. This has been added to page 9 of the manuscript.
Reviewer 1, comment #8
Tabel 4, Maternal outcomes. Please report the reduction in cesarean section for acute/intrapartum cesarean sections as well Author response Table 4 has been updated to include intrapartum caesarean sections.
Reviewer 1, comment #9
Please discuss more thoroughly the implications of the fact that less half of the women in the FMU group gave birth in the FMU as intended -as well as the crossover from the TMU group.
Author response
The following discussion on transfer has been added to the Discussion section:
"The overall rate of transfer in this study (51.8%) appears high when compared to the two recent cohort studies on freestanding midwifery units [1, 2] . However the current study is unique in that it reports rates of antenatal transfer (34%). Both freestanding units studied have a strong collaborative relationship with their tertiary referral units and women and midwives are encouraged to err on the side of caution and transfer antenatally whenever there is a possibility that medical intervention may be required during the birth process. Comparable rates of antenatal transfer were reported in randomised controlled trials on alongside midwife-led units in Ireland [3] (45%) and Scotland [4] (38%). The rates of intrapartum/postnatal transfer from this study (16 With regard to crossover the following sentence has been added to the Discussion:
"34 women from the tertiary unit group crossed over to give birth in the freestanding midwifery unit group, although these women represented less than 1% of the study population." (p.19)
Reviewer 1, comment #10
For the ease of generalization, please discuss the perinatal mortality rate found in the study, from a Scandinavian perspective it seems high in a low risk population.
The following paragraph has been added to the "Discussion" section (p. 22):
"This study found similar rates of maternal and neonatal outcomes for low risk women reported in a previous Australian population based study to determine disadvantages associated with giving birth in low volume maternity hospitals [5] . Looking at neonatal mortality, the overall rates of stillbirth in this study (0.44%) were lower than all maternity units in Tracy, Sullivan and Dahlen et al's study (2006) , which reported rates of stillbirth between 0.49% for hospitals with less than 100 births per annum and 0.94% for hospitals with greater than 2000 births per annum [5] . The rate of neonatal deaths in this study (0.41%) were lower than those reported for hospitals of comparable size (0.56%) [5] ."
Reviewer 1, comment #11
All EMU abbreviations have been removed.
Reviewer 1, comment #12
Author response
This paragraph has been re-worded to highlight the elements that make freestanding midwifery units unique in the Australian context-that is, midwifery-led care with no routine involvement of medical staff on a site separate to any intervention:
"Freestanding midwifery units provide a unique system of care to Australian women who have no identified risk factors and who either choose not to give birth at, or have limited access to other types of maternity care. They are unique in the Australian context because they offer primary level care by a named midwife and have no routine involvement of medical staff. They are also geographically separate from facilities offering onsite obstetric, paediatric or specialised medical consultation and procedures including epidural analgesia and caesarean section [6, 7] ." (p.
3)
The paragraph following on from the above has also been added to, highlighting the magnitude of the difference in number of births between freestanding and tertiary units (300 vs. 250000). This adds further strength to our claim that freestanding midwifery units are unique in the Australian setting:
"…there were only two freestanding midwifery units in New South Wales (and in Australia) in 2005, recording a combined total of approximately 300 births [8, 9 ], compared to 7 tertiary level maternity units with 25,637 births [10, 11] ." (p.4)
Reviewer 1, comment #13
This is an interesting subject area, and the following discussion has been added to the Discussion section:
"Five of the six cases of postpartum haemorrhage followed by hysterectomy were in women who had a repeat caesarean section, and three of these women had placenta praevia or accreta. There is conflicting evidence on the association between repeat caesarean section and postpartum haemorrhage [12] , with evidence pointing towards no association between the two [13, 14] . A causative link has been established between repeat caesarean sections and placenta accreta and hysterectomy [15] [16] [17] , however there is the possibility of other causative influences for placenta accreta such as surgical technique [16, 18] ." (pp.20-21)
In order to highlight these strengths, the following sentences have been added to the discussion section of the paper:
"No inferential statistics were applied to some measures because of small numbers, however the detailed reporting of adverse and rare events strengthened the study." (p.20)
and "The study ensured comparability of the cohorts of women by rigorously judging the tertiary level maternity unit group at booking to be at low risk of developing obstetric complications, and also by controlling for risk at the onset of labour during analysis." (p.19)
Reviewer 2, comment #1
• P. 4 lines 49-55 I originally wondered if there were uniform transfer guidelines. The authors indicate later there are not. The authors should consider in the Discussion the implications of having a system in which there are not agreed upon guidelines concerning transfer, beyond those developed by the midwifery organization. Protocols developed jointly by birth centers and community and tertiary hospitals governing transfer would seem a reasonable step though development of these are too often subject of considerable inter-professional difficulties.
There are certainly implications of not having standardized transfer guidelines, in particular it makes the evaluation of transfer complicated, it limits the transparency of FMUs which may limit their use by women and it makes it difficult to develop new FMUs. Ideally transfer guidelines could be included in the ACM guidelines. The following sentence has been added to the discussion:
"Clinicians and policy makers may find these results useful in the planning and preservation of maternity services in areas where midwifery-only care is available in freestanding midwifery units. There is also scope for the development of standardized national protocols on freestanding midwifery units to improve the transparency of transfers and support the processes of development and evaluation." (p.24)
Reviewer 2, comment #2
The term "underutilised" has been replaced with "scarce" (p.5).
Reviewer 2, comment #3
• P. 6 line 51 -were the same two birth centers operating in 2005/6 when the last population data was available? Authors might note that. The totals seem to generally correspond. Reviewer 2, comment #4
Unfortunately we do not have reliable data on allocated model of care.
Reviewer 2, comment #5
The sentence now reads:
"The study was powered to detect a clinically relevant fall of 21% in the rate of women requiring a caesarean section from 29.0% to 23.0%." (p.10)
Reviewer 2, comment #6
Yes, apologies for the typo. Data were analysed using the "t"-test. This has been added to the manuscript (p.10).
Reviewer 2, comment #7
• P. 11 lines 20-22. Given the considerable difference in the ethnicity across the two groups, much of which comes from the Asian population utilizing freestanding birth centers (FBCs), did the authors ever use ethnicity as a covariate? It doesn't appear so from Tables 4 & 5 . If they did and found it didn't add anything they can note that.
The following sentence has been added to the Statistical Analysis section:
"Adjusting for ethnicity was complex due to the diverse ethnic groups represented in the sample. The individual ethnic groups were not found to have a confounding effect so were not included in the final analysis." (p.10)
Reviewer 2, comment #8
The ACM conditions that constituted a risk at the onset of labour are outlined in Table 2 . They were previously referred to as risks that developed "during pregnancy" in both the text and in Table 2 , making in unclear that they were risk factors present at the onset of labour. The heading of Table 2 now reads:
" Table 2 . ACM B/C and C conditions constituting a risk at booking or at the onset of labour."(p.8)
The paragraph explaining the operationalization of risk at the onset of labour now reads:
"The two sample cohorts were further scrutinised to identify women with a risk at the onset of labour. Women were defined as having a risk at the onset of labour if they developed any ACM B/C or C risk conditions during pregnancy that may have led to a higher risk of requiring medical or obstetric care during labour and birth (Table 2 ). This enabled 'risk at the onset of labour' to be controlled in the analysis." (p.8)
Reviewer 2, comment #9
Author response This is possibly the case, however our data source does not provide any detail on this.
Reviewer 2, comment #10
We found that smoking was associated with a statistically significant increase in caesarean section and a reduction of spontaneous vaginal birth, although the latter reached only borderline statistical significance. We do not intend on reporting the strength of independent variables.
Reviewer 2, comment #11
The following paragraph has been added to the Discussion:
"…the proportion of low birthweight babies in both cohorts in this study (1.8% in the freestanding group and 5.6% in the tertiary group) was relatively low compared to the incidence of low birthweight babies in Australian maternity units with between 100 and 500 births birth year was 4.04%, and 9.77% in maternity units with greater than 2000 births per year [5] ." (p.22)
Reviewer 2, comment #12
Please see response to comment #7.
Reviewer 2, comment #13
• Tables 6-8 could be online appendices given the very small number of cases they include Author response Tables 6-8 have been re-labeled as Tables A-C and submitted "Supplementary information on perinatal mortality by planned place of birth is provided in Table A and  Table B online". (p.18) and "Table C online describes severe maternal morbidity by planned place of birth." (p.18)
Reviewer 2, comment #14
• P. 22 lines 31-35 -It's very likely that attitudinal differences exist and are manifested in the less risky prenatal behaviors (e.g. lower smoking rates) and postpartum experiences (higher breastfeeding rates) among the mothers giving birth at the FBCs. Just curious as to whether attitudinal data were collected as part of the larger study. Reference 33 involves many of the same authors in an attitudinal study, though it was based in NZ. Was attitudinal data collected here for use in a separate study? It would ultimately be valuable to have an integrated study that examines the role of attitudinal and behavioral factors in the differences, or lack of differences, the authors discovered.
Attitudinal data were collected as part of the Australian pilot study, which provided a limited amount of data on the factors that influenced women's decision on where to give birth. However the sample size was too small to integrate the findings with the clinical outcomes.
Reviewer 2, comment #15
The sentence below has been added to the introduction:
"…there were only two freestanding midwifery units in New South Wales (and in Australia) in 2005, recording a combined total of approximately 300 births, compared to 7 tertiary level maternity units with 25,637 births." (p.4)
